Eye movements are a behavioral response that can be involved in tasks as complicated as natural image classification. This report confirms that pro-and anti-saccades can be used by a volunteer to designate target (animal) or non-target images that were centered 16 degrees off the fixation point. With more than 86% correct responses, 11 participants responded to targets in 470 milliseconds on average, starting as quick as 245 milliseconds. Furthermore, tracking the gaze position is considered a powerful method in the studies of recognition as the saccade response times, ocular dynamics and the events around the response time can be calculated from the data sampled 240 times per second. The Hilbert transform is applied to obtain the analytic signal from the horizontal gaze position. Its amplitude and phase are used to describe differences between saccades that may testify to the recognition process.
Introduction
Two distinct lines of research are unified in the natural image classification. First, the vision researchers thus explore the nature and limits of the human visual system. It is done under the conditions of short image exposition and the demand for a rapid behavioral response (VanRullen, Thorpe, 2001) , increased number of simultaneously presented items (Rousselet, Thorpe, Fabre-Thorpe, 2004) , deteriorated image contrast (Macé, Thorpe, Fabre-Thorpe, 2005) etc. What types of pictures correspond best to the real world objects in human and animal visual system has also been a matter of detailed study (Bovet, Vauclair, 2000) . It stirs the question of what higher cognitive processes are involved (VanRullen, Koch, Perona, 2002; Evans, Treisman, 2005) . Second, the machine vision experts extract image features for the automated image classification.
Grouping images by the color pixel distribution in a photograph has been shown to be a successful approach to categorize digital images (Greenspan, Goldberger, Ridel, 2001; Goldberger, Gordon, Greenspan, 2006) . This is aimed at the image database search, for instance, data mining (Greenspan, Goldberger, Eshtet, 2001) or the medical catalogues (Lehmann et al, 2005) . Image features that are used in the machine vision may not always be used to describe the human vision, as image metrics of the projections in the visual cortex are different from the metrics used to *Roberts.Paeglis@lu.lv physically describe an image (Bertulis, Bulatov, 2001 ). On the other hand, understanding of the human vision can spill over to automated systems.
A typical response that a volunteer is asked to make to classify images is a button release (Rousslet, Thorpe, Fabre-Thorpe, 2004) . The subjective response follows as soon as 250 ms after the image onset. In the objective measurements, differential neuromagnetic signal for the first pass starts after 150 ms for targets and distractors (VanRullen, Thorpe, 2001) , resulting in behavioral response with a high precision of or above 80 per cent. This has led to alternative models for the neuronal communication in the visual pathway (Van Rullen, Gautrais, Delorme, Thorpe, 1998) , which has been supported by the data from other sensory systems (Johansson, Birznieks, 2004;  VanRullen, Guyonneau, . Research suggests that the differential neural activity, which is evoked by semantic categorization of objects into groups like natural objects (animals, plants) or man-made objects (furniture, clothing), is not task dependent (Löw et al., 2003) . If one compares the time for cortical processes for isolated objects as detected by Löw et al., and that for objects in context (VanRullen, Koch, Perona, 2002;  VanRullen, Thorpe, 2001) , it can be argued that the context facilitates classification of object images but is not the decisive factor.
In a recent paper, Kirchner and Thorpe (Kirchner, Thorpe, 2006) report that eye movements may emerge as a faster way to respond in a classification task. With the minimum saccade response time of 120 milliseconds, this is faster than the differences in the ERP (Thorpe, Fize, Marlot, 1996) and has inspired possibilities that each pass actually uses a different neuronal path.
Eye movements are a fast and precise corporal response under voluntary control. The benefit of using saccades in the image classification task is manifold. Besides keeping the subjective response within the oculo-motor system, it equips the researcher with supplementary data to analyze in addition to response time. The gaze trajectories, eye movement dynamics and the site of destination are but other facets of the classification process.
Saccade control involves an overlap between topdown and bottom-up processing that is driven by visual information (Riesenhuber, Poggio, 2000; Mosimann, Felblinger, Colloby, Müri, 2004) . We have set a pro-and anti-saccade task to classify digital images where the number of images shown corresponds to classical trends in saccadic research (Mosimann, Felblinger, Colloby, Müri, 2004; Leigh, Kennard, 2004) , whereas division into categories is taken from the mainstream research (Rousslet, Thorpe, Fabre-Thorpe, 2004 ). This has permitted us both to calculate statistics for the response times in categorization and to review individual performance case by case. In addition, research volunteers were interviewed for their subjective perception after the experiments. The images were shown on the side of the eye that was tracked by the IR camera. For each eye being recorded, the participant was presented 30 images in the training set and 30 images in the experimental set (60 images per eye). In each set, ten images in a random sequence were targets that by instructions required a pro-saccade, while the correct response to a non-target was an antisaccade. While instructing the volunteers, the rapid response was stressed by urging them to make an eye movement while the image was still on the screen. Images were presented on the PC screen for 300 milliseconds. The instructions were repeated after the training set (before the experiment per se).
Methods

Participants
Experimental set-up
Images were resized from a commercially available collection, targets being animals ranging from invertebrates (spiders, snails) to vertebrates (fish, birds, reptiles, mammals). Half of the non-target images were natural landscapes the other half was man made objects like versatile means of transport.
Software implementation
The images were shown at random by a Visual The beginning of the first saccade after image onset was calculated by the ILAB 3.6.4. (Gitelman, 2002) under MATLAB when artifacts (blinks) had been filtered out, and was confirmed by tracing the raw data for the gaze co-ordinates. The horizontal component of gaze position was equated to the "signal" to which signal processing, namely, the Hilbert transform was applied under MATLAB.
Results
Response times in the pro-and anti-saccade task
With different kinds of animals as target images, 
Performance and ocular dominance
For six subjects, the inter-ocular distance and the optical correction, if one was needed, permitted us to obtain reliable measurements of saccadic response for each eye. When t-tests were applied for the statistical significance, we did not find conclusive evidence for a faster saccadic response for the images presented on the side of the dominant eye. The statistical significance for the response times of both eyes for four individual ranged from p=0.06 to p=0.94 (mean p=0.29, Ttest), while the fifth individual had p=0.014 and the sixth p<0.01. The analysis revealed that the statistical significance for the latter was due to faster reaction to target images (574 to 369 ms) in favor of the eye that was tracked later. In both cases, however, this was the non-dominant eye.
Upon further investigation the later two individuals were found to have benefited the most from the trial set and the repeated instructions after it. In other words, they have successfully used 60 presentations for the first eye and the following 30 trial presentations to the second eye to make general inferences about the task and adapt to it.
Thus for some but not all individuals the learning effect impacts the performance and expanding the image sets can lead to shorter response times provided that it is tolerated by the oculo-motor system. and were plotted together for both eyes (Fig. 1 ).
Notwithstanding that, the dynamics of acceleration (Fig. 3) . We have calculated the Hilbert transform for 180 milliseconds since the trial start and divided the data into two groups: fixations before saccades to targets (animals) and before those to non-targets.
This is a period when no saccade has been launched, so they did not influence the shape of the (Fig. 4) . We are fully aware of the fact that these pilot results may be specific to population and should not be taken as a reference. What we do propose is that the aforementioned mathematical construct is of use in exploring changes in fixation.
The Hilbert transform, if it is applied on the scale of the entire set of horizontal coordinates, becomes a filter for saccades as its peaks correspond to the saccade ends. (Fig. 5) . 
Task-specific training
The volunteer's educational background did not appear to be of benefit in the image classification experiments. However, we chose a set of images in line with several other protocols of pro-and antisaccade research (Mosimann, Felblinger, Colloby, Müri, 2004) , which is restricted if compared to the reported data of Kirchner and Thorpe (Kirchner, Thorpe, 2006) . None of the participants proved to perform faster than 245 milliseconds after 60 images have been seen. On one hand, we acknowledge that the statistical analysis we use differed from the reported data. On the other hand, the results combined can hint to the plasticity of the visual system. Even though completing saccades in several series of 80 images each is a visually demanding task, it can be learned and performed with high precision. This, however, brings into focus inter-personal differences in trainability and motivation, as we have seen rapid improvement of saccade response times in some but not all subjects.
The research has also affirmed that a person can be taught to designate classification by making either a pro-saccade or an anti-saccade instead of a prosaccade to one of two images. This at least partially explains slower response times than those reported (Rousslet, Thorpe, Fabre-Thorpe, 2004; Macé, Thorpe, Fabre-Thorpe, 2005) , as saccade suppression must first happen. A forced choice of two alternative images presents the visual system a possibility to weigh and compare the "animallikeness" of two images, where only partial The long saccadic response times and their large variation are not typical for a task demanding a pro-saccade to a target onset (like a saccade to a lit LED), but are more akin to a delayed saccade task which involves some cognitive access (Mosimann, Felblinger, Colloby, Müri, 2004) .
A fraction of erroneous responses were in fact later corrected with another eye-movement, which highlights the concepts of the Signal Detection
Theory. The volunteers that admitted to a high personal motivation to perform fast in a novel task at a succeeding interview were more tended to respond faster with an incorrect type of saccade.
Thus they had set a low threshold with low miss rates but high number of false alarms.
Alternatively, one could conclude that the visual grasp reflex is not always well suppressed in a task of this kind.
Types of information from eye movements
Eye tracking equips the researchers with a potential One could in principle analyze the spots in the target images to which the saccades had been targeted, and look for them at the image saliency maps. However, this would ask for a modified experimental procedure as in our case the saccades in majority of cases were launched after the image has disappeared (after 300 milliseconds ) and so the memory-guided control should be borne in mind.
The moments before and after the response
The interest in eye movements to classify images may be extended to other features besides the saccade response times. The challenge the researcher faces, though, is that each "fixation and saccade" trial does not lend itself easily to geometrical analysis. Small amplitude (less than 2 degrees) movements around fixations are followed by saccades that exceed 20 degrees (Fig. 2) . The validity of regression equations is therefore undermined. The phase of the Hilbert transform is a sort of normalization, as for different eye movement sizes its changes are held within 2π.
We chose the horizontal gaze position as the variable that is task oriented and changes the most. We hypothesize that the fluctuations in the complex phase between saccades describe preparatory processes during recognition and before the response (Fig. 6) . After a saccade is made, the gaze is stabilized and can testify to some movement inhibition that is necessary for the visual process.
Conclusions
We consider that the possibility of frequently sampled eye tracking is the main power of the eye movement responses in image classification tasks.
In addition to response times, the ocular dynamics, the nature of errors and events around the response can be studied when the Hilbert transform is applied. The reported tasks have supported the value of pro-and anti-saccade tasks in telling animal and non-animal images apart.
